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Abstract: Autistic people have difficulties in recognizing and expressing emotions from/to other 
people. Technologies can help to facilitate the communication and understanding between autistic 
and other people. This work particularly investigates the requirements autistic adolescents have on 
technologies that can measure bodily responses to recognize their emotions. A smartwatch, smart-
patch and infrared camera were evaluated as potential everyday use devices to measure emotion. 
User requirements on emotion recognition technologies were elicited through an online survey (73 
completed responses) and ten semi-structured interviews with autistic adolescents. The smartwatch 
is the preferred product, followed by the smart-patch. Infrared cameras are deemed unsuitable 
devices. 
Keywords: autism; emotion recognition technology; smartwatch; smart-patch; infrared camera; 
human computer interaction (HCI); usability testing; sensor applications and deployments 
 
1. Introduction 
Autism, or autism spectrum disorder (ASD), is a neurodevelopmental disorder that is increasingly 
recognized. On average, it affects between 1% and 2% of people in the world with 4.5 times more 
males than females [1]. The symptoms differ per person but include weak social skills and weak 
communication skills reinforced by the inability to recognize emotions in oneself and in an 
interlocutor [2]. In this paper, we use the term “Autistic person” instead of “person with autism” 
based on the arguments described by Sinclair [3]. Not only the autistic person has troubles 
recognizing emotions in other people but also other people may have problems in recognizing 
emotions in the autistic person. This is because autistic people have different ways of conveying 
emotions [4]. 
Knowing the mental state of the other person plays an important role in social interactions. Not 
recognizing each other’s emotions often leads to frustration on both sides. This is especially the case 
for autistic children, as it is also acknowledged by parents and teachers [5]. For autistic adolescents, 
miscommunication with peers complicates creating and maintaining relationships, often leading to 
a diminished social life of the autistic adolescent [6]. Therefore, this paper is especially focused on 
autistic adolescents in the age range 10 (puberty) to 18 (early adulthood) years old. There is an 
extensive list of possible interventions and training for autistic adolescents to improve social skills to 
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ease the interaction with other people [7]. However, this approach expects an adaptation of the 
adolescent to its environment and it is still largely unknown to what extent training effects are 
translated into daily social life [8]. 
Instead of interventions to improve social skills, another approach to ease communication 
among autistic adolescents and others is the usage of emotion recognition technologies. Figure 1a 
shows the general way of how emotion recognition technology can be used during communication 
between two people. One person expresses an emotion (“Expresser”); the other person recognizes 
this emotion (“Recipient”) by using emotion recognition technology. 
Literature shows that innovative technology-based interventions for autism spectrum disorders 
are increasingly used for learning new social skills to people with ASD [7,9]. In general, these 
technology-based interventions can be expressed as the situation shown in Figure 1b: the autistic 
recipient has difficulty in perceiving the emotion of the expresser and the technology recognizes and 
translates the emotion of the expresser. This translation helps the autistic recipient to identify the 
expressed emotion with the intention to learn from this translation. Again, the approach in Figure 1b 
expects an adaptation of the autistic recipient to its environment, after the autistic recipient has 
identified the expressed emotion. 
In our research, we focus on the situation displayed in Figure 1c. Here, the autistic person is the 
expresser of an emotion and has no need to adapt to the environment. In this situation, the 
assumption is that the use of emotion recognition technology can help the recipient in perceiving the 
emotion of the autistic expresser. The development of an emotion recognition product that helps 
parents, teachers and peers to better understand the emotions of autistic children and adolescents is 
the target goal of our research. 
   
(a) (b) (c) 
Figure 1. (a) Emotion recognition technology during communication between two people; (b) 
emotion recognition technology in innovative technology-based interventions for autism spectrum 
disorders; (c) Target situation of this research. 
2. Related Work 
Human emotions are expressed in many of our daily actions, and as such, they can be inferred 
in different ways, mostly via gesture, voice, facial expression, and neural and physiological signals 
[9,10]. Common used technologies can be used to measure human emotions, e.g., photo/video camera 
for facial expression and gesture, microphone for voice, EEG for neural signals, and ECG (skin 
electrodes), polyplethysmograph (pulse oximeter) and infrared camera for physiological signals. 
Although emotion recognition technologies have been tested on human beings, these 
technologies have barely been argued, and proven, to work on autistic people. Especially the usage 
of facial, gesture and voice sensors on autistic people is complex, because every autistic person uses 
different and often reduced expressions [11]. For example, facial expressions by autistic people are 
often flat, neutral, robotic and peculiar [12]. Additionally, autistic children display reduced and weak 
movements for the muscles around the eyes and mouth [13]. The corners of the mouth are barely 
raised when autistic children smile, making the smile almost invisible [14]. Next to the flat 
expressions, both Czapinski and Bryson [13], and Yirmiya and others [12], detected atypical 
expressions that might account for the description of peculiar aspects. 
In autistic people, emotion expressive body movement is often limited too. This is, because 
expressive gestures are lacking, and basic motor functions are impaired as shown in a rigorous meta-
analysis on the subject of gait, postural balance, arm motor functions, and motor coordination [15]. 
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Moreover, the whole posture is imbalanced both when standing still and in motion [16]. When 
standing still, autistic people had bigger balance sways and displayed repetitive movements for their 
centre of pressure [17]. Attwood and others demonstrated that autistic people did not convey 
expressive gestures that signify emotion in such cases [18]. 
Voice intonation in autistic people is also impaired, especially on emotional intonation. A lot of 
research has been done on the use of (non-emotional) intonation in autistic people where the prosodic 
qualities have been found dysfunctional. For example, autistic people are lacking in vocally 
expressing angriness, happiness, fear and especially sadness [19]. Next to this, also a higher pitch 
range was observed for emotional speech in autistic people [20]. 
This discordant convey of emotions is also described by the American Psychiatric Association’s 
[21] description of expressing affect for autistic people: “marked impairments in the use of multiple 
nonverbal behaviors such as eye-to-eye gaze, facial expression, body postures, and gestures to 
regulate social interaction”. Moreover, autistic persons can experience extreme overload internally, 
that is not visible externally; e.g., having a high heart rate, while outwardly appearing calm and 
relaxed [22]. Thus, physiological signals are a reaction on emotions that are fully functional in autistic 
people. For example, autistic people show normal skin response patterns to pleasant, unpleasant and 
neutral pictures [23]. Blood pressure and heart rate also show normal measurements in autistic 
people [24]. Even in case of alexithymia—i.e. pronounced difficulty in identifying and describing 
one’s own emotions [25]—physiological responses did not seem to be influenced [23]. Therefore, 
physiological signals seem to be most suitable to measure emotions in autistic people, thus also in 
autistic adolescents. Next to this, the usage of physiological signals is also the most popular method 
of emotion monitoring [26]. 
3. Study Objective 
Emotion recognition systems as displayed in Figure 1c should be accepted by the autistic 
expresser before these can actually be used. Therefore, user requirements have to be identified taking 
into consideration that autistic expressers can have a decreased capability to communicate, a high 
sensitivity to stimuli, a shallow area of interests, and restricted adaptability [2]. This paper describes 
the elicitation of the requirements of 10–18 year old autistic people on sensors that measure 
physiological signals for emotion recognition as the first step in the development of an emotion 
recognition system that can translate the emotions of autistic adolescents to their social environment. 
4. Methods 
We used a two-step qualitative research method to elicit the user requirements of autistic 
adolescents on technologies that can be used for emotion recognition. At first, an online survey was 
used to get a widespread picture on these requirements. This online survey was followed by 
interviews with ten autistic adolescents to allow for a more in-depth analysis. 
4.1. Choice of Emotion Recognition Technologies 
The focus of the questions in the online survey and interviews was on sensors that can measure 
physiological signals. From the state-of-the-art, it comes clear that different kinds of these sensors can 
be found in wearables such as smartwatches and wristbands. Next to this, physical signals can also 
be measured with (infrared) cameras. Therefore, the online survey focused on wearables as well as 
on cameras as most common emotion recognition technologies. In addition to these, a smart-patch 
was considered, as it could also be used for measuring relevant physiological signals that can be used 
for emotion recognition, as for example the HealthPatch® MD from MediBioSense [27]. 
4.2. Online Survey 
Asking autistic adolescents to fill in an online survey unsupervised is ethically problematic, 
because they are still children and extra vulnerable. Therefore, a proxy target group filled in the 
online survey on their behalf. The proxy target group consisted of two groups of people close to the 
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original target group, namely group 1, non-autistic parents/caregivers of autistic adolescents that live 
in the same home as the parent/caregiver, and group 2, autistic adults (age ≥ 18). Teachers, other 
family members and friends were not considered to be part of the proxy group as they might have 
not shared enough experiences with an autistic adolescent to answer all the questions.  
The survey tool ©SurveyMonkey was used to set up the online survey. In this survey, we 
questioned the participants on the following themes: (1) demographics (age and gender), (2) the way 
of recognition and expressing of emotions, (3) technologies that can be used to recognize emotions 
(wrist worn sensors, patches and cameras), (4) what aspects of these technologies may be found 
annoying, and (5) objects that may be bothersome to wear. 
The participants had to fill in the online survey with the adolescent in mind, thus 
parents/caregivers about their child (proxy group 1) and autistic adults about their time as 
adolescents (proxy group 2). 
Questions on the way of recognizing and expressing emotions could be answered through a 5-
point rating scale: never, almost never, sometimes, often, very often, with the added option “I don’t 
know”. Parents might not always know the child’s attitude towards a question and may not be in the 
position to ask the child. This “I don’t know” option prevented parents from guessing. Next to this, 
autistic people not always know themselves how they feel about a given problem. 
The questions about technologies started with an explanation about physiological sensors and 
signals. Then the participants were asked if they were familiar with physiological sensors, followed 
by a list of possible kinds of objects that can be worn: (1) Bracelet, (2) Suspenders, (3) Glasses, (4) 
Watch, (5) Necklace, (6) Earrings, (7) Belt, and (8) Ring. From this list, the participants could select 
wearables that they found bothersome to wear (multiple selections possible) with the option to 
extend this list with their own answers. In addition, questions on wearing patches and watches were 
asked, and on the usages of cameras to monitor emotions. 
To find participants for the online survey, an open URL was spread on online platforms. The 
platforms used were Facebook, a forum for autistic people [1], and the website of the Dutch 
organization for autism [28]. 
4.3. Interviews 
The goal of the interviews was to test the reaction of the target group to several possible designs 
for emotion recognition technology. A proxy group would likely not have responded in the same 
way as the original target group, thus it was important to interview the actual target group. 
The interviews were held with ten autistic adolescents. Inclusion criteria for the interviews were 
a diagnosis in the autistic spectrum, between 10 to 18 years old, average- or high-functioning, 
communicative, willing to participate, and parents/caregivers having given consent. In addition, 
some extra measures were taken. We made use of a familiar room to make the participant felt at ease 
and to ensure the participant was not busy processing the new environment. During each interview, 
a trusted adult was present, e.g., a parent or a teacher. This presence was intended to make the 
participant comfortable and ensure for their safety. In addition, printouts of the designs and coloring 
supplies were made available, so that the participant could draw instead of orally explain what they 
meant. The interview itself did not contain hypothetical questions, as autistic people often have 
trouble processing imaginary situations. 
During the interviews, three examples of products that could be used as emotion recognition 
technology were presented: two wearables, a patch and an infrared camera. A microphone was used 
to record the interviews so that the interview could be transcribed afterwards. Before the interview, 
the participant and parent had to read the information pamphlet and to sign the consent form. The 
interviews took no longer than 30 min (excluding introduction and ending). The interview was semi-
structured. Next to the interview questions, age and gender were asked for statistical analysis. 
The first wearable presented was the Gear S3 Frontier smartwatch from Samsung [29]. The 
smartwatch had a black design with a touchscreen, a rotating gear and two buttons. Optical sensors 
were visible on the back of the smartwatch. The sensors included an accelerometer, barometer, gyro-
sensor, heart rate monitor, ambient light sensor, GPS and microphone. The other wearable that was 
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presented to the participants was the Angel Sensor M1 [30], an open-source wearable sensor that 
tracks heart rate, blood oxygen, skin temperature, steps, sleep quality, calories, acceleration, and 
orientation. This wearable did not have a screen as opposed to the smartwatch; it only sensed bio 
signals with optical sensors visible on the back of the wearable. The significantly different design of 
both wearables allowed the participants to compare and choose their favorite wearable. Next to the 
two wearables, also a patch was shown to the participants. This was the HealthPatch® MD from 
MediBioSense [27]. This patch could be placed on the chest using an adhesive layer. The patch 
contained a wearable physiological sensor that could measure ECG, heart rate, respiratory rate, skin 
temperature, body posture and number of taken steps. The patch could be placed somewhere on the 
body and this also gave insight into what location the participants would prefer when using a patch. 
The presented camera was the Kinect from Microsoft [31]. This is an infrared camera for tracking the 
body. The camera consisted of an infrared projector and camera that tracked the body and allowed 
3D reconstruction. The Kinect also had an RGB camera, a depth sensor, and a microphone. The Kinect 
was put in a box that only showed the lenses, so that the participants did not immediately recognized 
it as a Kinect, because this could have influenced the experience and answers; the Kinect is already 
adopted for another purpose (gaming) and might therefore be felt familiar to the participants. 
When a technology was presented during the interview, it was placed on the table. Next, the 
participant was encouraged to pick it up. In case a participant did not pick it up and started to talk 
about the product automatically, they were asked about their first thoughts about the product. 
Subsequently, the participant was asked if they felt comfortable about putting/turning the technology 
on and to motivate the answer to get more insight into the user requirements from the perspective of 
the participant. If the participant did not want to put the technology on, they were asked to explain 
why they did not want the device to be turned on. This explanation could give information on what 
aspects the device needed to improve on so that the participant would use it. Once the device was 
turned on, the participant was prompted to describe the experience and the aspects that they liked or 
disliked. Follow-up questions were asked when the answers remained too vague. Finally, 
participants were asked how they would stop the measurements if they fed up with these 
measurements. This question was asked to investigate whether the design of the technology was clear 
enough and to know whether the participant felt comfortable enough to operate the device. 
Next to these open questions, the participant was also asked to give scores from 0 to 10 on four 
different topics for each presented device. 0 meant “totally not” and 10 meant “very much”. The four 
topics were (1) the general likeability, (2) the feeling of control over the device, (3) the ease of use at 
home, and (4) the ease of use at school. The participant also got the opportunity to name, and draw, 
changes they would make on the shown technology. This was intended to reveal the personal 
preferences of the participant. It also helped pinpointing all the problems with the technology that 
the participant would like to see fixed before usage. 
After all technologies were presented and discussed, additional questions on privacy issues 
were asked. As “who would be allowed to see your emotions?” and “at what moments are others 
allowed to see your emotions?” These questions were asked to get more information on the context 
of usage. 
4.4. Ethical Considerations 
The study was presented to the medical ethical committee (METC) Twente in Enschede, the 
Netherlands. We received a statement that ethics approval was not required for our study, as a 
normal healthcare path was not influenced by this study. Next to this, all participants, and in the 
interview study also their caregivers, had given informed consent before they were included. 
5. Results 
5.1. Online Survey 
The survey was open for two weeks. During these weeks, we received 99 responses. Twenty-six 
responses were not completed and therefore filtered out, resulting into 73 complete responses. One 
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of these 73 responses was excluded, because the respondent was a parent of a child younger than 10 
years old. Subsequently, the final 72 responses were split up into two groups: (1) parents of autistic 
children between 10 and 18 years old, and (2) autistic adults ≥ 18 years old (Table 1). Table 2 shows 
an overview of the responses to the online survey by the two groups. 
Table 1. Demographics of the participants of the online survey. 
 Respondents (n = 72) 
(1) Parents about their child (age 10–18) (2) Autistic adult 
Number of responses 18 (25%) 54 (75%) 
Gender Male 14 (78%) 
Female 4 (22%) 
17 (32%) 
37 (69%) 
Age 
10 years 3 (17%) 
11 years 3 (17%) 
12 years 2 (11%) 
13 years 3 (17%) 
14 years 1 (6%) 
15 years 0 (0%) 
16 years 1 (6%) 
17 years 5 (28%) 
18–24 years 13 (24%) 
25–29 years 5 (9%) 
30–34 years 3 (6%) 
35–39 years 8 (15%) 
40–44 years 6 (11%) 
45–49 years 9 (17%) 
50–54 years 5 (9%) 
55–59 years 2 (4%) 
≥60 years 3 (6%) 
Table 2. Overview of the responses to the online survey 
Questions on Expressing Emotions 
Q1. Do you ever have trouble expressing your 
emotions? 
Never 
Almost never 
Sometimes 
Often 
Very often 
Don’t know 
0 (0%) 
1 (6%) 
3 (17%) 
10 (56%) 
4 (22%) 
0 (0%) 
0 (0%) 
3 (6%) 
16 (30%) 
15 (28%) 
19 (35%) 
1 (2%) 
Q2. Do you ever have the feeling that others do not 
understand what you feel? 
Never 
Almost never 
Sometimes 
Often 
Very often 
Don’t know 
0 (0%) 
1 (6%) 
0 (0%) 
9 (50%) 
7 (39%) 
1 (6%) 
0 (0%) 
1 (2%) 
12 (22%) 
16 (30%) 
24 (44%) 
1 (6%) 
Q3. Are you ever confused about what you are feeling? 
Never 
Almost never 
Sometimes 
Often 
Very often 
Don’t know 
0 (0%) 
1 (6%) 
5 (28%) 
5 (28%) 
6 (33%) 
1 (6%) 
1 (2%) 
7 (13%) 
21 (39%) 
12 (22%) 
12 (22%) 
1 (2%) 
Q4. Are there situations where you would like others 
to know what you are feeling? 
Never 
Almost never 
Sometimes 
Often 
Very often 
Don’t know 
0 (0%) 
1 (6%) 
5 (28%) 
7 (39%) 
4 (22%) 
1 (6%) 
0 (0%) 
2 (4%) 
19 (35%) 
16 (30%) 
16 (30%) 
1 (2%) 
Q5. Would you like it if others would know what you 
are feeling? 
Never 
Almost never 
Sometimes 
Often 
0 (0%) 
0 (6%) 
3 (17%) 
10 (56%) 
0 (0%) 
2 (4%) 
15 (28%) 
20 (37%) 
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Very often 
Don’t know 
4 (22%) 
1 (6%) 
15 (28%) 
2 (4%) 
Questions on (Wearable) Technologies 
Q6. Do you use an emotion communication technique? 
Yes 
No 
Don’t know 
1 (6%) 
17 (94%) 
0 (0%) 
2 (4%) 
52 (96%) 
0 (0%) 
Q7. Have you ever worn a physiological sensor 
(biosensor)? 
Yes 
No 
Don’t know 
1 (6%) 
17 (94%) 
0 (0%) 
8 (15%) 
46 (85%) 
0 (0%) 
Q8. Is wearing a watch bothersome? 
Yes 
No 
Don’t know 
8 (44%) 
10 (56%) 
0 (0%) 
16 (30%) 
38 (70%) 
0 (0%) 
Q9. Is wearing a patch bothersome for you? 
Yes 
No 
Don’t know 
5 (28%) 
10 (56%) 
3 (17%) 
15 (28%) 
35 (65%) 
3 (6%) 
Q10. Would wearing a patch be less bothersome when 
there is a nice picture on the patch? 
Yes 
No 
Don’t know 
1 (6%) 
14 (78%) 
3 (17%) 
5 (9%) 
45 (83%) 
4 (7%) 
Q11. Is being photographed bothersome for you? 
Yes 
No 
Don’t know 
10 (56%) 
7 (39%) 
1 (6%) 
27 (50%) 
22 (41%) 
5 (9%) 
Q12. Is being filmed bothersome for you? 
Yes 
No 
Don’t know 
12 (67%) 
5 (28%) 
1 (6%) 
37 (69%) 
12 (22%) 
5 (9%) 
In the survey, participants could also select the following objects that were found bothersome to 
wear: bracelet, suspenders, glasses, watch, necklace, earrings, belt, and ring. Multiple selections were 
possible, with the option to extend this list with other objects. The analysis on these data was made 
via word clouds, were the size of the words denoted the frequency of each element labelled as being 
bothersome. 
Figure 2a shows this word cloud for autistic children as noticed by their parents (group 1). Figure 
2b shows this word cloud for autistic adults (group 2). The objects designated by the respondents 
were divided into three groups: tightly worn objects, dangling objects and objects with a specific 
texture. Objects with a specific texture (itchy, inflexible, denim, clothing labels, wool, plastic) were 
not predefined, but respondents added these themselves to the list. In most cases, both children and 
adults had trouble to give clear and concise explanations why wearing these objects is annoying to 
them. When a clear motivation was given, that motivation could usually be led back to a sensory 
overload, which is a common problem in autism [2]. 
  
(a) (b) 
Figure 2. Objects that are bothersome to wear for (a) autistic children as noticed by their parents 
(group 1), and (b) for autistic adults (group 2). 
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5.2. Interviews 
The interviews were conducted with 10 autistic teenagers between 10 and 18 years old that were 
gathered from different schools and families. All the participants finished the interview, so no 
selection was required because of incomplete responses. Sixty percent of the participants were male 
and 40% were female. The mean age of the group was 14 years old (SD = 1.76). 
5.2.1. Wearable on the Wrist 
All of the participants were willing to wear the Samsung S3 Gear smartwatch and turned it on. 
They were curious about the functions and did not need any encouragement to pick it up and turn it 
on. Both the boys and the girls expressed the wish that the design was less black. The boys redesigned 
the smartwatch with black, grey, dark blue and dark green while the girls chose a combination of 
bright blue and pink/purple. The smartwatch was too heavy for the children and they redesigned it 
smaller and lighter. Many participants also had trouble taking the smartwatch on and off and disliked 
the material of the band. Two participants had a leather allergy. The Angel M1 wearable was not 
preferred as wearable on the wrist, even though it was smaller and lighter. The reason for this was 
that the M1 wearable does not have a touchscreen and it is not multifunctional. Next to this, the 
sensors on the back of the Angel M1 were raised a bit, which felt irritating to some of the participants. 
One participant preferred a wearable on the ankle instead of the wrist. 
The smartwatch was endorsed with a good average general likeability (7.67/10). The feeling of 
control on the smartwatch was sufficient for most of the participants (6.65/10), although two 
participants graded lower than 5 for the feeling of control. Some participants suggested redesigning 
the smartwatch with an on/off button for the measurements solely. All participants were convinced 
that an on/off button should be red so that it can be recognized immediately. A signal that indicates 
that the device is measuring was also discussed, but this should not be a light since the participants 
found lights distracting. The smartwatch received higher scores for usage at school (7.44/10) than 
home (7.05/10). 
5.2.2. Health Patch 
Most participants, except one, were willing to wear the health patch. They were more hesitant 
to pick it up than the smartwatch, and described the patch as “medical”, “scary” and “weird”. They 
also found the patch smaller than they expected, with the exception of one participant that fantasized 
about the patch being much bigger with chips, wires, and LEDs like a bionic arm. The participants 
were asked where they would place the patch. The upper and lower arm were most frequently 
chosen. One participant would place it on the back of the torso and another would place it on the 
stomach. The patch should originally be placed over the heart, which was acceptable for all the 
participants, although they were more inclined towards their own chosen spots. The participants 
barely felt the patch on their skin, except for a pulling sensation when moving the body part the patch 
was placed on, and when taking the patch off. 
The patch was also up for redesign by the participants. They immediately started with changing 
the surface to a beige skin colour, “like a normal band aid” and so that it “would not be as obvious”. 
The raised middle of the patch with the chip was also disapproved; it should be flat. However, there 
should be a button included to turn the measurements on or off. A display, or indicating light, was 
not encouraged by the participants because this would look out of place on a patch and could be 
distracting. Two participants also mentioned that electrodes were visible through the cover and that 
this should be prevented. 
The patch scored a relatively high general likeability (7.42/10) and an insufficient grade on the 
feeling of control (4.65/10). Usage at home scored higher (6.84/10) than usage at school (4.65/10). 
Usage at school use was not valued high because of the medical design of the health patch, defined 
as scary and weird by most participants. Next to this, they were insecure about what their peers 
would say about wearing a health patch. 
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5.2.3. Infrared Camera 
Eighty percent of the participants already reported feeling stared at before the camera was even 
turned on. The interest in the infrared camera was low but turning it on was allowed by all of the 
participants. They reported that the blinking light on the front of the camera was annoying. They also 
thought the camera was too big, and four participants suggested a webcam-sized infrared camera 
mounted in a corner on the wall. 
Turning the infrared camera off posed a small problem. The participants needed more time to 
think about this and answered hesitantly. The solution they came up with was to pull the power plug, 
or step out of the sight, of the infrared camera, neither of which they found convenient. One 
participant suggested a remote control for the infrared camera, and then quickly had the idea that 
this could be done with a smartphone app. The other participants wanted to place an on/off button 
on the camera itself, and again, this button should be red. 
The infrared camera scored low on all the elements. The general likeability was barely sufficient 
(5.7/10). The other factors were insufficient. Usage at school scored lower (3.55/10) than usage at home 
(4.9/10), because the participants did not think it was practical to have to drag it with them to every 
room, plug it into a power source and set it so that they are in the view of the infrared camera. At 
home, this is also unpractical but still more feasible to them. The control was also below sufficient 
(4.9/10). 
5.2.4. Preferred Product 
The smartwatch was preferred as usable product for 70% of the interview participants. The 
health patch was preferred by 30% of the participants. The infrared camera was preferred by no one 
and it also had the least suggestions that would change this preference. The patch might come closer 
to first place if the suggestions they made for redesign were incorporated. 
5.2.5. Privacy 
The interviewed participants liked the idea that their emotions could be measured to inform the 
environment about their emotions, and that the data can be viewed by themselves and others, as 
(grand)parents, teachers, brothers, sisters and friends. Multiple participants voiced interest in getting 
to know themselves better. Ninety percent of the participants would allow their parents to view their 
emotions; one participant would not allow anyone other than himself to see the emotions. Eighty 
percent of the participants wanted to be able to decide for themselves when someone could see their 
emotions, depending on time and place. This is the reason why a clear on/off button is essential. One 
participant mentioned that instead of an on/off button, a pause button might also be an option. In 
that case, measurements would stop for a predefined period of time (e.g., 30 min). 
6. Discussion 
Related work showed that physiological signals seem to be most suitable to measure emotions 
in autistic people. Therefore, the online survey and interviews in our study were focused on 
technologies that can measure physiological signals. This study resulted into relevant information on 
the attitude towards, and requirements on, emotion recognition technologies from the perspective of 
autistic adolescents. 
The first three questions in the online survey on expression emotions showed that autistic 
adolescents often experience trouble with expressing emotions and therefore very often have the 
feeling that others do not understand what they feel. They are also sometimes confused about their 
own feelings, although autistic children are more often confused about their own feelings (61%) than 
autistic adults (44%). This might imply that autistic adults may be more skilled in recognizing their 
own emotions because of having more life experiences. These results of the online survey correspond 
to what is found in literature [2,22]. 
The online survey also showed that both autistic children (61%) and autistic adults (60%) wish 
that others would know what they are feeling in specific situations. The interviews also showed that 
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autistic adolescents would like it when others can see their emotions in specific situations. Therefore, 
it can be concluded that an emotion recognition system that can translate the emotions of autistic 
adolescents to their social environment will be a helpful tool for this target group. 
Both the online survey and the interviews elicited information that could be used to set up 
guidelines for the design of a system that translates emotions of an autistic adolescent (expresser) to 
another person—e.g., parent, teacher, peer—(recipient). These guidelines are: 
• Use physiological signals, because these signals are trustworthy to monitor emotions in autistic 
people. Other signals such as facial expressions, body language and voice intonation are 
employed differently by autistic people and are therefore not reliable to translate the emotions 
of an autistic adolescent to others. 
• A multifunctional smartwatch design around the wrist would be best to monitor emotions based 
on physiological signals. A health patch would be the second choice. Autistic adolescents 
generally dislike the usage of (infrared) cameras. 
• There should be a clearly recognizable on/off button to start or halt the monitoring of emotions 
in order to give the expresser control over the device. 
• The design should be familiar to a product known by the expresser; e.g., a normal watch or a 
skin-coloured band-aid. 
• The design should not be dangling, not too tight, and as flexible as possible; a smartwatch band 
should have different length possibilities and a health patch should be flexible enough not to 
pull the skin during regular or abrupt movements. 
• The design should be smaller and lighter than the Gear S3 Frontier smartwatch [29] and the 
HealthPatch from Medibiosense [27]. 
• Textures are important because of the sensitivity of the skin of autistic people [2]. For the 
smartwatch, a natural band of smooth texture is advisable. Leather could be possible. Metal or 
ceramics might be an option because of the smoothness and the thermal properties of this 
material that keep it at skin temperature. 
• For all used materials, possible allergies of the expresser should be taken into account. 
• Putting a product on, and taking it off, should be as simple and painless as possible for the 
expresser. 
• Surfaces have to be flat, so no raised bumps or protruding buttons. 
• An indication that shows monitoring is on/off is preferred, but not in the form of (blinking) lights 
that draw attention and distracts the expresser. 
• Avoid a medical-looking design by hiding electrodes from view and not making the design 
predominantly white. 
• Make inputs and outputs available to both the expresser as the recipient, for example through a 
smartphone app. 
• A recipient should be accepted or certified by the expresser to allow viewing the emotions of the 
latter. 
This work has some limitations. In the online survey, gender distribution was uneven over the 
two groups of participants (Group 1: Parents about their autistic child (10–18), Group 2: Autistic 
adults). The autistic children were overrepresented by males (78%) and the autistic adults were 
overrepresented by females (68%). It would have seemed more likely that males would be 
overrepresented in both groups, since ASD is 4.5 times more prominent in males [1]. 
The study described in this paper has led a set of guidelines for the design of a system that 
translates emotions of an autistic adolescent to be interpreted by another person. These guidelines 
are based on information elicited from a group of average/high-functioning, communicative, and 
willing to participate autistic participants. Therefore, one should still be aware that within the autistic 
spectrum there are a lot of individual differences and personal preferences that should be considered 
when using the proposed guidelines. 
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7. Conclusions and Future Work 
This work has intended to shed light on how autistic children perceive modern emotion 
recognition technologies, which represent a potential solution to support communication in between 
(non)autistic people but could also negatively impact their daily living. This work constitutes the 
foundation for a more ambitious goal, which is to develop a system that is able to translate emotions 
of an autistic adolescent to another person, especially to support parents and teachers in the 
communication with their autistic child and pupil, but also to help the autistic adolescent in the 
communication with their peers. However, a secondary objective can be added, and that is the 
support of the self-learning process of one’s emotions, because this study also showed that there is 
confusion in autistic people about their own emotions. The next step in this research will be the 
development of a prototype system, based on the results of this study and the described guidelines. 
This prototype will be used in experimental tests on accuracy, efficiency, usability and benefits as the 
next step in the development of an emotion recognition system that can translate the emotions of 
autistic adolescents to their social environment. 
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